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Bsd0mgddo (Bellotti ... 2007:975-989, Ranasinghe ... 2010:1006-1017, Villani ...
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(12) s (13) BHmemdgd0sb 3smdobstgmdls:
@ = uhy = C1yf2gn by 2 (14)
dogdo  (11) s (14)  a3B@mgdsms  LobEgdol  sdmblboom
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Lo ¥ 3oegdol @sdbbgtmgzol 3o6539@mos, Mmageros 2obolsbugmgds
53O 3o (2oamdody ... 2017):
Hp

—Hp _Hg
y_hb_hg~0‘78,

beogom H, - 259m0mgegds (1) gm®ammoo.
6HoEb30m0 5dmzblbol Iggaqd0 dmEqdwymos d39dmo dmygsbow sbMowdo.

164



0. bamobadg

gb®ogo 2
L,=1200 | L,=600 | L, =800 | L, =1000 | L, = 1200
xp = 1208 - +
xp = 1800 - +
L,=1500 | L,=600 | L, =800 | L, =1000 | L, = 1200
x, = 1208 - - +
x;, = 1808 - - -

6033560 ,-», 3gglsdsdgds 63306l gHMbos, begrm 603sb ,+“ BsdoMols B
(5369309)
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MR OJE05605 5 B3306H0 ghmbormos.

Bob. 4.2-9b6, BmEs 40 < L, < 220, 85306 v <1 s 633060 5360930090000,
bmerm 3009 L 2oMgo - 9MmbomEo.

Bob. 5.1-sb 498mIEobatgmdl, GmEs Gowool Lodsmeg dmmagligdyenos
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Bob. 5.2-qoob Bobl, Hm3s Fyemol g39M@omo 99353900l 3m9i303096¢0 m = i—i
3mm0o3LgdMos dgoemgdo 0,4 <m <12, 3806 7r<1 s bs3oMol
AOBMEMPOMOHO  Mgod30s  53MYE0M0s,  bmem  Fosmgl  aoMgoe -
9OMBoMmo. HMES 3gmEHdgOL Mol rsmgo d3oMgs, ds8ob sliggg dzotMas
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05306 99sMgd0m 3m@s HYuol dsbiols 39393905 bogds 2qm@wgdol v356, bmeom
090l doMmomoo sl dHMBEYds 396 B350 2gMEOJIL BmEOL sGLNdEO
3950090056, MMIgeog msb FoMo@sEgdl oo MmEabmdol Bo@sbl s
Bodomo ghmbormo bgds. MHmEs 3gm@dgdL dmemol 8s6dowo oos 1,2 <

=L
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Pgoemo  3sbol  Ggbobgol  39bmbo@sb  asdmdEobatg  dMmbgds  b®gzsdo
390569000 0O LoBJsMom, Mog 0393l BodoMols ghmbosl. GMmas m = Z—i =

2, 05906 29m@vd)d0 339 S0 dmddggdl, Mmamma LobEgds s obobo
390dgds 29630bowmm, MMAMOE (35¢039wo 9Omo dgmEG«do (Ranasinghe ...
2010).
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399m330939035 9B39bs, HMA3 MmOl Lsbsdomm Bmedo bsdoMol 30l
90Bbom  fysand3gds  4gmGHBYOOL  2obmogligds Mm3G0dsMos  BadoMosb
150+200 89330, Mobs3 B330MH0EB ©IdMMYdOL 93 ©0s35DMbIo BLzOL

Loe®mdggdo o@33wgds  2,4:3,2 3gBHMedg ©d 93 FMeegdo  Jgodangds

29600309l UESBPIMHEMWO MmO BH030L gmEH¥dO:
1. ©0599¢®0 - D = 3,258, Lodswwyqg - h = 28, bogsbg - B = 43. sLgomo

3939300 BmIgdol  AgmEHUPGd0, Mmdgmms LogMdgs L, = 1208 o
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The article proposes an innovative technology for protecting coastal areas from erosion
processes, which is not approved in Georgia. New method is based on the use of underwater barriers
(geotubes) from geotextile pipes filled with sand. In the case of using several underwater geotubes,
an erosion site in the Black Sea coastal zone of the city of Poti, located to the south from the runoff
of the "city channel” of the Rioni River, was considered. Geotubes are located along the coast. After
geotubes are run over by the waves, to determine the types of water circulations formed in the
coastal zone, the analytical method is used. With 2-cell circulation, the shore is erosive, and with
4-cell circulation it is accretionary. A system of equations is obtained. The numerical solution of the
system determines the parameters of the location of geotubes when the morphological reaction of
Poti coast is accretionary. The effect on the types of coastal reaction of the length of geotubes, their
distance from the coast, intervals between geotubes, wave heights and changes in the coefficient
of lateral water retention, is studied. As a result, there have been established the parameters of
geotubes, after the placement of which in the sea, the coast will be protected from leaching, and

the coastal zone will increase.
Keywords: wave, coast, erosion, geotube.

Introduction. Currently the Black Sea coast of Georgia is almost totally subjected
to erosion and is covered with coast protective constructions such as concrete groynes,
breakwaters, traverses, sheet piles, etc. Besides a positive side these constructions
have also a significant negative one: while they protect particular segment of the
beach against erosion, other, unprotected segments in the vicinities are experiencing
washouts due to the deficit of nourishing particles.

As an addition, the aforementioned protective constructions distort the landscape
and discomfort visitors. The lifetime of such constructions is rather short, as they are

destroyed by strong storms, becoming so far useless (the example is given on Fig. 1).
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Seaside region of Georgia suffers from unsolved problems of environmental and
geomorphological nature for several decades, because of unsuccessfully designed
and implemented hydro engineering projects of various purposes.

The article proposes an innovative technology for protecting coastal areas from
erosion processes, which is not approved in Georgia. New method is based on use of
underwater barriers (geotubes) from geotextile pipes filled with sand. In the case of
using several underwater geotubes, an erosion site in the Black Sea coastal zone of
the city of Poti, located to the south from the runoff of the "city channel" of the
Rioni River, was considered.

Hydrological and hydrometric data. Based on long-term observations of wave
movements in Black Sea coast and open sea, it was assumed that westward waves
are predominant. In particular, the western waves - 44.7% of all annual waves, the
southwest - 39.0%, the northwest - 8.8%, and the north and south together - 7.5%.

The design values of the waves in the Poti region in the table are given:

direction Wave height (m) | Wave period (s)
North-west 2.4 5.5
North-West-North 44 7.5
West 5.9 9.0
West-South-West 5.4 8.5
South-west 6.0 8.5

According to the Poti meteorological station, the levels of sea water rise are:
very high - 1.3 m, high - 0.5 m, low - 0.2 m, very low - 0 m. The coastline is sandy
and the average sediment diameter is D5y = 0,25 mm. The average slope of the

sle7518ed is @ = 0,016. The average velocity of coastal currents is 0,1-0,25m/s.
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During severe storms, the first wave breaking occurs at a distance - 320 =+ 400
m from the coast (3oam30dy ... 2017), which leads to a decrease of wave energy and
the wave height of reaching geotubes varies in the range H;~1,6 + 2,0 m.

Main part. The main parameters that determine the effectiveness of underwater
breakwaters are:

1. Hydrodynamic parameters: wave height - H, wave period - T and

propagation direction - 6;

2. Parameters of underwater geotubes: the distance of the surface of the

underwater geotube from the surface of the water - a = 0,4 + 0,63, the length

of the geotube - L,, the width - w;, the distance from the coast - X, the

interval between the geotubes - L, and the depth - hy;

3. Physical parameters of the coast: bathymetry of the coast - h(x) and the

average size of the bottom sediment - Ds;

To create underwater breakwaters in the coastal zone of the sea, we use
geotubes filled with sand (Fig. 2).
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Fig. 2. Scheme of forces acting on an underwater geotube

Waves of height - H;, approaching the underwater geotubes will collapse on it,
and a new waves, of height - H,;, will appear. Because of the destruction of the
waves, the water level rises by - 1. Then the new wave will fall offshore to a depth
- hp, and the water level will rise further to - 7;,. Thus, the sea level rise on the

coast will be -1 + 7, (Fig. 3).
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Fig. 3. Circulation of currents that occur during the passage of waves above

a breakwater

In the works (Bellotti ... 2007, Ranasinghe ... 2010, Villani ... 2012), the

parameter r is introduced, which determines the type of coastline reaction after the

placement of underwater geotubes:
— N+
Mg ’

r

()

When 7r > 1 the erosion of the shore takes place and r < 1 - the accretion of the

shore (Ranasinghe ... 2006a, Bellotti ... 2007, Ranasinghe ... 2006b).

To determine 1, we use the law of mass storage and momentum change per unit

time, we obtain:
- hy =uy - (hy +1),
p(hy +Mui — phyuf = —AP — AS,, + AN =Ty, (3)

From system (2) and (3) we obtain:

2[_ K h n? _
uj [_g(hz+n) g] + uBuhy +na + > +C =0,

L
01 = ughy = C1y/2gn - hy 'i-

From which 7 is determined, while 7, and 7, are defined by formulas:
5 5
Mp = 75 VHps Mg = 15VHy

H

Where y = h—b = % =~ 0,78 is the parameter of waves breaking.
b g

)

4)
®G)

The results of numerical solutions of the system of equations (8) and (11) are

shown in the graphs below (Fig. 4).
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Fig. 4. the effect of the length of the geotube and the distance from the coast on the nature
of the reaction of the coast

In fig. 4 shows the effect of changing the distance from the coast of the geotube
- xp and the length of the geotube - L, on the nature of the coastal reaction, when
other parameters of the system are constant, namely: a) at fig. 4.1 - L, = 120m and
Ly = 100m; b) at fig. 4.2 - x;, = 180m and L, = 100m.

Analysis of the results and conclusions. Figure 4.1 shows that in the interval
120 < xp, < 450, the parameter determining the nature of the coastal reactions is
r < 1, and therefore the coast is accretionary. Out of the interval, when geotubes
are located near the coast or far from the coast, 7 = 1 and the coast are erosive.

From fig. 4.2 shows that when 40 < L, < 220, then r < 1 and the coastal zone
grows, and outside the interval r > 1, the coastal zone decreases, the coast is
erosive.

Studies have shown that the placement of underwater geotubes in the Poti
coastal zone is convenient at a distance of 120 + 200 meters from the coast, since
the sea depth in this range varies from 2.4 to 3.1 meters and, therefore, Standard
two types of geotubes can be placed:

1. Diameter - D = 3,25m, height - h = 2m, width - B = 4m. Geotubes of such
geometric dimensions, the length of which is L, = 120m, and the distance
between them L; = 100m, for the protection of the shore can be placed at a
distance x;, = 160 meters from the coast.

2. Diameter - D = 5m, height - h = 2,6m, width - B = 6m. Geotubes of such
metric dimensions, the length of which is L, = 120m, and the distance between
them Ly = 120m, for the protection of the shore can be placed at a distance
Xp = 190 meters from the coast.

The calculations show that in both cases the morphological reaction of the coast

is accretionary.
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